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Abstract

Introduction

The area under rice cultivation in Iran is about 700,000 hectares. The outer husk of paddy is the
main waste of rice mills and about 20% of the dry weight of this waste material is silica. The silica
in this waste can be extracted and returned to the rice fields as a fertilizer. The necessity of
conducting this research is related to the insufficient amount of silicon in the soil of some rice
fields, the role of silicon in increasing the resilience of plants to environmental stresses, and the
goal of this research is to investigate the possibility of producing nanosilica from the outer husk of
rice, estimate its capacity, and return it to the rice field soil, as well as to eliminate the
environmental problem resulting from the deposition of this waste in the rice mills in north of the
country. Producing nano-silica from this organic waste and returning it to the rice fields is a
demand-driven, innovative, and technological idea in line with sustainable agriculture and in the
interest of the environment. Due to the high cost of imported silicon fertilizer and the cheap and
available outer husk of rice, as well as the numerous uses of silica in industry, medicine, pharmacy,
and agriculture especially in rice fields, the production of granulated nanoorganosilica from this
organic waste with an economic and environmental approach is one of the goals of this applied
research.

Materials and methods
This research was conducted in 1400 at the Faculty of Agricultural Sciences in University of

Guilan. First, the outer husk of paddy was obtained as waste from paddy factory in Jirdeh village
in Shaft city of Gilan province and after adding normal hydrochloric acid (HCI) to it and heating it
gently in a sand bath, heating continued in an electric furnace at 700 degrees Celsius until only
amorphous nanosilica remained. Semicrystalline nanosilica was obtained from the interaction of
the remaining amorphous nanosilica with potassium nitrate. Field emission scanning electron
microscopy (FESEM), X-ray diffraction (XRD) and Fourier transform infrared spectroscopy
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(FTIR) analyses were used to identify and confirm the nanostructure of amorphous silica and
semicrystalline silica particles. In addition, the capacity to retain the outer husk of paddy in active
paddy mills was estimated randomly by survey method using a questionnaire.

Results and Discussion

Based on the results of this study, the successful synthesis of nano-silica particles from rice paddy
husk was confirmed using the applied characterization techniques. The findings further
demonstrated that approximately 100 g of nano-organosilica could be produced from every 1,000
g of dry rice paddy husk, corresponding to a conversion efficiency of about 10%. Considering that
rice is cultivated on approximately 700,000 ha of paddy fields nationwide, the annual production
potential of nano-organosilica from rice husk is estimated to be approximately 84,000 tons. These
results highlight the considerable potential of rice husk, an abundant agricultural by-product, as a
sustainable and value-added source for the large-scale production of nano-organosilica.

Conclusion
In line with sustainable agriculture, by extracting silica from rice mill waste, the silica deficit of

those rice fields in the country whose soil silicon is insufficient can be met. Therefore, this
technology should be created alongside the system for converting paddy to white rice in rice mills
as a side production line, and the silica produced should be made available to rice farmers in the
same area to add to the soil of their rice fields.

Keywords: Circular economy, Sustainable agriculture, Amorphous nanosilica, Semicrystalline

nanosilica
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Table 2. Paddy soil properties of rice field in Jirdeh, Shaft, west of Guilan

Si Cu(mgkg  Zn(mg K P (mg kg oC EC (ds m Sample
(my/ka) D o) (mgkgd) Y % PHTy o Code
23 3.17 0.43 62 48 5.488 6.87 0.46 1-11
37 4.88 0.34 62 50 2.836 7.11 0.75 4-10
26 2.57 0.992 133 22 3.967 6.18 0.86 7-10
11 5.13 0.848 170 15 4.206 6.39 0.59 9-10*
39 4.02 0.592 149 25 2.368 5.93 0.69 9-11
28 4.04 0.262 212 32 4.396 7.44 0.96 34-5
26 7.22 0.464 146 47 3.939 7.30 0.71 34-6
37 5.94 0.762 101 37 6.658 6.02 0.76 34-7
36 5.18 0.206 140 40 1.666 6.24 0.35 35-10
34 3.96 0.37 175 41 2.407 6.85 0.58 38-4
25 8.35 0.076 220 55 6.073 7.22 0.89 38-5
21 7.86 0.808 215 62 4123 7.52 0.63 38-6
33 13 0.05 284 75 3.382 7.35 0.88 38-7
36 3.72 0.018 152 46 6.19 6.72 0.71 39-10
32 3.42 0.584 255 55 3.694 6.30 0.81 42-7
25 2.04 0.292 141 60 4.396 6.30 0.81 42-8
24 5.12 0.602 144 32 541 6.03 1.04 43-10
26 4.56 0.470 377 61 5.02 6.66 1.10 44-7
26 4.02 0.26 210 60 5.995 6.51 0.88 44-8
29 9.18 0.322 201 46 5.605 6.52 0.66 44-9
32 2.82 0.886 320 26 4.786 7.12 0.9 44-10
29 5.96 1.34 386 38 2.446 7.42 0.6 44-11
27 2.44 1.02 192 39 4.045 6.14 0.8 44-12
24 4.17 0.220 137 19 4..435 6.28 0.47 45-12
38 1.24 0.250 96 22 3.226 5.59 0.274 46-4
38 2.2 0.436 111 28 3.538 5.83 0.28 46-5
22 3.11 0.066 183 23 1.822 5.97 0.21 46-6
27 2.94 0.164 105 17 2.29 5.40 1.84 46-7
29 2.38 0.344 74 13 3.226 5.51 0.48 46-8
35 147 0.612 163 29 3.07 5.56 0.30 46-9
33 7.48 0.446 109 26 3.226 5.83 0.21 46-10
30 2.44 0.13 107 23 3.694 5.79 0.24 46-11
35 3.22 0.38 132 7 2.524 6.08 0.35 46-12
32 8.07 0.428 144 52 5.761 6.69 0.77 47-2
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Table 3. Paddy soil properties in Jiredeh village, Shaft, west of Guilan

Zn(mg kg?) Si(mgkg') K (mgkg?) P (mgkg?)

TN (%) OC (%) Eh(mV) pH EC(dsm?)

2 10 120 16.3

0.21 2.44 -64.17 7.02 0.9
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Figure 2. (A) Rice husk (RH); (B) Rice husk powder; (C) Rice husk ash; (D) Nanosilica particles; (E)
Granulated nanosilica
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Figure 10. Conceptual model of farmer’s readiness on nanosilica adaptation for sustainable agriculture
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